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ABSTRACT
A e r i a l  su r v e y s  were con ducted  in  J u ly -O c to b e r  1 9 8 0 , and May-June 
1981 , in  th e  C hesapeake Bay mouth and th e  n ea r sh o r e  c o a s t a l  w a ters  o f  
V ir g in ia  so u th  o f  Cape C har les  to  a s s e s s  th e  d i s t r i b u t i o n  and 
abundance o f  b o t t l e n o s e  d o lp h in s  ( T u rs io p s  t r u n c a t u s ) . A n c i l l a r y  d ata  
were c o l l e c t e d  to  examine r e l a t i o n s h i p s  betw een  d o lp h in  d e n s i t y  and 
d i s t r i b u t i o n  and s e l e c t e d  en v ir o n m en ta l f a c t o r s .  I n d iv id u a l  d o lp h in s  
th a t  were r e c o g n iz a b le  by d i s t i n c t i v e l y  shaped or s c a r r e d  d o r s a l  f i n s  
were p h o t o g r a p h ic a l ly  reco rd ed  durin g  s m a ll  boat su rv ey s  and from  
s h o r e •
7 1 6 .6  l i n e a r  km o f  a e r i a l  su rv ey s  in  th e  Chesapeake Bay mouth
r e s u l t e d  in  5 herd  s i g h t i n g s  w hich gave a s t r i p  cen su s  d e n s i t y
_2
e s t im a t e  o f  0 .0 0 3 5  (+_ 0 .0 0 1 8 2  S .E . )  herds km . A e r ia l  su rv ey s
t o t a l l i n g  4 3 5 .1  l i n e a r  km a lo n g  th e  c o a s t  betw een Cape C h ar les  and
F a l s e  Cape ( w i t h in  2 km o f  sh o r e )  produced 48 herd s i g h t i n g s  and a
s t r i p  ce n su s  d e n s i t y  e s t im a t e  o f  0 .0 4 3 5  (+^  0 .0 0 2 3 2  S . E . ) .  Data from
Chesapeake Bay mouth t r a n s e c t s  were n o t  s u f f i c i e n t  f o r  l i n e  t r a n s e c t
a n a l y s i s ,  but th e  c o a s t a l  su rv ey s  r e s u l t e d  in  an e s t im a te d  herd
_2
d e n s i t y  o f  0 .0 8 1 1  (+. 0 .0 0 1 2 5 )  h erd s  km based  on a F o u r ie r  s e r i e s  
a n a l y s i s  o f  herd d i s t r i b u t i o n  p e r p in d ic u la r  to  th e  t r a n s e c t .  D olph in s  
were s ig h t e d  p r im a r i ly  w i t h in  1 .6  km o f  th e  s h o r e .
There was a d i r e c t  r e l a t i o n s h i p  betw een  m onthly  mean herd d e n s i t y  
and w ater  te m p e r a tu r e ,  but no r e l a t i o n s h i p  betw een mean herd d e n s i t y  
and a i r  te m p e r a tu r e .  T h is  s u g g e s t s  th a t  d o lp h in  d i s t r i b u t i o n  i s
r e l a t e d  to  th e  d i s t r i b u t i o n  o f  i t s  p r e y .  There was no s i g n i f i c a n t  
d i f f e r e n c e  in  th e  number o f  d o lp h in s  moving w ith  or a g a in s t  t i d a l  
f l o w .
During 1980 and 1 9 8 1 ,  24 i n d iv i d u a l s  were i d e n t i f i e d  and 
p h o to g ra p h ed . Of 7 i d e n t i f i e d  in  1 980 , 5 were r e s i g h t e d  in  1981 ,  
s u g g e s t in g  s e a s o n a l  r e s i d e n c y .  Twelve T u rs io p s  were s tra n d e d  and 
r e t r i e v e d  d u r in g  th e  s tu d y  p e r i o d ,  but th e r e  was no apparent  
r e l a t i o n s h i p  betw een  s t r a n d in g s  and e s t im a te d  m onthly  abundance.
x
THE DISTRIBUTION AND ABUNDANCE 
OF THE BOTTLENOSE DOLPHIN, 
TURSIOPS TRUNCATUS.
IN VIRGINIA
INTRODUCTION
B o t t l e n o s e  d o lp h in s  ( T u rs io p s  s p . )  are  w id e ly  d i s t r i b u t e d  
th rou gh out tem p era te  and t r o p i c a l  ocean s  o f  th e  w orld  (R ic e  1 9 7 7 ) .
The A t l a n t i c  b o t t l e n o s e  d o lp h in ,  Turs io p s  t r u n c a t u s . i s  found a lon g  
th e  U .S .  A t l a n t i c  c o a s t  (CETAP 1 9 8 1 ,  Schm idly 1 9 8 1 ) ,  th e  G ulf o f  
Mexico ( F r i t t s  and R eynolds 1 981 , Schm id ley  1 9 8 1 ) ,  th e  L e s s e r  A n t i l l e s  
(C a ld w e l l  and C a ld w e ll  1 9 7 5 ) ,  and a t  l e a s t  as  f a r  sou th  as A rg en tin a
it
(Wursig 1 9 7 8 ) .  I t  i s  common in  th e  n o r th ern  Chesapeake B ight  
(R o w le t te  1980) and V i r g i n i a ' s  c o a s t a l  w a ters  (CETAP 1 9 8 1 ) .
A t l a n t i c  b o t t l e n o s e  d o lp h in s  were th e  fo c u s  o f  a s p o ra d ic  f i s h e r y  
a lo n g  H a tte r a s  I s l a n d ,  North C a ro lin a  (True 1 8 9 1 ,  Townsend 1 914 , Mead 
1975) from c i r c a  1797 to  1 9 2 9 .  M i t c h e l l  ( 1 9 7 5 ) ,  from cu m u la t iv e  c a tc h  
r e c o r d s  o f  t h i s  h i s t o r i c a l  f i s h e r y ,  e s t im a te d  a minimum p o p u la t io n  
s i z e  o f  1 3 ,7 4 8  d o lp h in s .  Mead ( p e r s o n a l  com m unication) and data  
p r e s e n te d  in  t h i s  work s u g g e s t  th a t  th ey  a r e  s e a s o n a l l y  abundant in  
V ir g in ia  and are  p a r t  o f  th e  same p o p u la t io n  th a t  o ccu rs  s e a s o n a l l y  
a lo n g  th e  North C a ro lin a  c o a s t  n o r th  o f  Cape H a t t e r a s .  Two s e a s o n a l  
peaks in  c a tc h e s  o f  th e  former f i s h e r y — during  th e  f a l l ,  th e  b e g in n in g  
o f  th e  s e a s o n ,  and s p r in g ,  th e  end o f  th e  s e a s o n — a re  i n d i c a t i v e  o f  
m ig r a t i o n .  T r u e 's  (1 8 9 1 )  r e p o r t s  o f  f i s h e r m e n 's  o b s e r v a t io n s  th a t  
t h e s e  d o lp h in s  were u s u a l l y  seen  t r a v e l l i n g  s o u t h e r ly  in  th e  f a l l  and 
n o r t h e r ly  in  th e  s p r in g ,  w ith  o n ly  a few rem ain ing  near H a tte r a s  
d u rin g  th e  summer, are  f u r t h e r  e v id e n c e  f o r  a northward sp r in g  
m ig r a t io n  and a southward autumn m ig r a t io n .
2
3A n a ly s i s  o f  r e c e n t  a e r i a l  su r v e y s  a lo n g  th e  n o r th e r n  and m id-  
A t l a n t i c  U .S .  c o a s t  cond u cted  by th e  U n i v e r s i t y  o f  Rhode I s la n d  
s u g g e s t s  a b im odal l o n g i t u d i n a l  d i s t r i b u t i o n  o f  b o t t l e n o s e  d o lp h in s  
(CETAP 1 9 8 1 ) .  T h is  th e y  in t e r p r e t e d  as s e p a r a te  n ea r sh o r e  and 
o f f s h o r e  a r e a s  o f  abundance. The n e a rsh o re  was judged th e  prim ary  
area  based  on th e  mode o f  s i g h t i n g s - b y - d e p t h - i n t e r v a l . M u lt ip le  peaks  
o f  s i g h t i n g s  a t  d i f f e r e n t  l a t i t u d e s  in d ic a t e d  a d is c o n t in u o u s  n o r th -  
so u th  d i s t r i b u t i o n .  T h is  s u g g e s t s  th e  p r e s e n c e  o f  m u l t ip l e  
p o p u la t io n s  or  s u b -p o p u la t io n s  c o n t r a d ic t i n g  O rr 's  (Ms) r e p o r t  o f  a 
s i n g l e  U .S .  A t l a n t i c  c o a s t  p o p u l a t io n .
The so u th e r n  V ir g in ia  c o a s t a l  r e g io n  and th e  Chesapeake Bay a re  
b e in g  i n c r e a s i n g l y  p o p u la te d  by man. T his has le d  to  in c r e a s e d  impact 
on l o c a l  m arine h a b i t a t s  in  th e  form o f  c o a s t a l  developm ent ( su c h  as  
b u lk h e a d in g ,  d r e d g in g ,  e t c . ) ,  in c r e a s e d  w a ter -b o rn  t r a f f i c  and 
in c r e a s e d  p o l l u t i o n .  To what e x t e n t  t h e s e  changes a f f e c t  in d ig en o u s  
m arine mammals i s  d i f f i c u l t  t o  d eterm ine  i f  th o s e  p o p u la t io n s  are  
u n d e f in e d .  Marine mammal s t r a n d in g s  co u ld  i n d i c a t e  peaks in  
m o r t a l i t i e s ,  abundance, or b o th ,  or co u ld  be th e  r e s u l t  o f  man's  
a c t i v i t i e s .  S in c e  im p lem en ta tio n  o f  th e  Marine Mammal P r o t e c t io n  Act 
o f  1 9 72 , th e  F e d e r a l  government has assumed th e  r e s p o n s i b i l i t y  fo r  
p r o t e c t i o n  o f  m arine mammals, in c lu d in g  ta k in g  m easures to  i d e n t i f y  
and r e c t i f y  human-marine mammal c o n f l i c t s .  In  ord er  to  a c h ie v e  t h i s  
i t  was a l s o  mandated th a t  m arine mammal p o p u la t io n s  p o t e n t i a l l y  
a f f e c t e d  a d v e r s e ly  by man be i d e n t i f i e d  and q u a n t i f i e d  so  th a t  such  
im pacts m ight be r e c o g n iz e d  and a v o id e d .
The major o b j e c t i v e  o f  t h i s  s tu d y  was to  q u a n t i fy  th e  o c c u rr en ce  
o f  T u rs io p s  t r u n c a tu s  s p a t i a l l y  and te m p o r a l ly  in  th e  in s h o r e  c o a s t a l
4w a te r s  b etw een  Cape C h a r les  and F a l s e  Cape, V i r g i n i a ,  in c lu d in g  th e  
Chesapeake Bay mouth, and e s t im a t e  th e  p o p u la t io n  s i z e  d u r in g  th e  
s e a so n  o f  maximum abundance. In  V i r g i n i a ,  th e  b o t t l e n o s e  d o lp h in  i s  
most abundant d u r in g  th e  summer, w hich i s  a l s o  th e  peak p e r io d  o f  
human h a b i t a t i o n  in  th e  r e s o r t  a r e a s  a lo n g  th e  V ir g in ia  c o a s t  
r e s u l t i n g  in  a t im e o f  in c r e a s e d  w a t e r - r e l a t e d  a c t i v i t i e s  o f  man.
I t  was a l s o  c o n s id e r e d  a p p r o p r ia te  t o  d e term in e  n a t a l i t y  p e r io d s  
and r e l a t i v e  abundance o f  c a l v e s ,  s i n c e ,  as i s  th e  c a s e  in  most la r g e  
mammals, th e  young a r e  m ost s u b j e c t  t o  h ig h  m o r t a l i t i e s .
A e r i a l  su rv ey s  have been used  i n c r e a s i n g l y  in  r e c e n t  y e a r s  to  
i n v e s t i g a t e  c e ta c e a n  abundance. Much o f  th e  r e c e n t  s u r v e y  work has  
q u a n t i f i e d  T u rs io p s  tr u n c a tu s  in  a rea s  where l i v e - c a p t u r e  o p e r a t io n s  
occu r  (Leatherw ood e t  a l .  1 9 7 9 ,  Barham e t  a l .  1 9 80 , Leatherwood 1979 ,
O d e l l  and R eynolds 1 9 8 0 ) .  Leatherwood e t  a l .  (1 9 7 8 )  e v a lu a te d  
t e c h n iq u e s  f o r  a e r i a l  c e n s u s e s  o f  b o t t l e n o s e  d o lp h in s  and con c lud ed  
t h a t  s t r i p  c en su s  (G ates  1979) was th e  most r e l i a b l e  method o f  d e n s i t y  
e s t im a t io n  when th e  d i s t r i b u t i o n  o f  s i g h t i n g  d i s t a n c e s  from th e  
t r a n s e c t  d id  n o t  f i t  w e l l  t o  p a ra m etr ic  m o d e ls .  S in c e  th e n ,  Burnham 
e t  a l .  (1 9 8 0 )  d ev e lo p e d  a n on p aram etr ic  approach t o  l i n e  t r a n s e c t  data  
a n a l y s i s  th a t  does n o t  r e s t r i c t  th e  a n a ly s t  t o  p a ra m etr ic  m odels  o f  
p e r p e n d ic u la r  s i g h t i n g  d i s t a n c e s .  In  t h i s  s tu d y  s ta n d a r d iz e d  sam pling  
methods (Leatherw ood e t  a l .  1978) were u sed  in  c o n ju n c t io n  w ith  
non param etr ic  l i n e  t r a n s e c t  a n a l y s i s  methods (Burnham e t  a l .  1980) t o  
e s t a b l i s h  a minimum p o p u la t io n  e s t im a t e  fo r  Turs io p s  tr u n c a tu s  in  
so u th e r n  V ir g in ia  c o a s t a l  w a t e r s .
Because th e y  are  m ig ra to r y  in  V i r g i n i a ,  th e  abundance and 
d i s t r i b u t i o n  o f  th e  b o t t l e n o s e  d o lp h in  m ight be in f lu e n c e d  by
5e n v ir o n m en ta l  f a c t o r s .  Water tem p era tu re  i n f lu e n c e s  th e  m ig r a t io n s  o f  
many f i s h  s p e c i e s ,  and th u s  may i n d i r e c t l y  a f f e c t  th e  o c c u r r e n c e  and 
d i s t r i b u t i o n  o f  th e  d o lp h in  p o p u l a t io n .  As a i r  b r e a th in g  mammals, 
th e y  may a l s o  be a f f e c t e d  by a i r  t e m p e r a tu r e s ,  perhaps g e t t i n g  t h e i r  
m ig r a t io n  cue from e i t h e r  th e  a i r  tem p era tu re  or i t s  r a t e  o f  ch a n g e .
Budget l i m i t a t i o n s  p r e c lu d e d  th e  o b s e r v a t io n  o f  d o lp h in  d i s t r i b u t i o n  
on th e  tem p ora l s c a l e  n e c e s s a r y  to  compare d o lp h in  d e n s i t y  r e l a t i v e  to
s e a  or  a i r  tem p era tu re  ch a n g e ,  but r e l a t i o n s h i p s  betw een m onthly  
d o lp h in  d e n s i t y  and a v era g e  m onthly  sea  and a i r  tem p era tu res  were  
i n v e s t i g a t e d .
U nd erstan d in g  what a p o p u la t io n  e s t im a t e  r e p r e s e n t s  r e q u ir e s  th a t  
th e  r e s id e n c y  s t a t u s  o f  th e  an im als  enumerated be known. O b serv a t io n  
o f  b o t t l e n o s e  d o lp h in s  a t  c l o s e  range a l lo w s  th e  r e c o g n i t io n  o f  
in d i v i d u a l s  i d e n t i f i a b l e  by m arks, c u t s  and s c a r s  on t h e i r  d o r s a l  f i n s
it
(W ursig 1 9 78 , Shane 1 9 8 0 ) .  P hotographs o f  i d e n t i f i a b l e  d o lp h in s  from  
two s u c c e s s i v e  y e a r s  were o b ta in e d  and s c r u t i n i z e d  to  d eterm ine  i f  th e
same in d i v i d u a l s  re tu rn ed  th e  n e x t  y e a r .  Taken on a random b a s i s ,
p h o t o - i d e n t i f i c a t i o n  o f  th e  same in d iv i d u a l  in  s u c c e s s i v e  y ea rs  
p r o v id e s  e v id e n c e  f o r  a s e a s o n a l l y  r e s i d e n t  p o p u la t io n .  These d o r s a l  
f i n  p hotograp hs may a l s o  be compared w ith  th e  d o r s a l  f i n s  o f  d o lp h in s  
s tr a n d e d  a t  a l a t e r  d a t e .  I f  p r e v i o u s l y  i d e n t i f i e d ,  t h i s  can p r o v id e  
u s e f u l  in fo r m a t io n  about th a t  p a r t i c u l a r  an im al as w e l l  as th e  
p o p u la t io n  in  g e n e r a l .  A c a t a l o g  o f  r e c o g n iz a b le  d o lp h in  d o r s a l  f i n s  
i s  appended f o r  t h i s  p u r p o se .
I t  seems p ro b a b le  th a t  an in c r e a s e  in  s tra n d e d  d o lp h in s  would  
accompany an in c r e a s e  in  d o lp h in  d e n s i t y .  The mandates o f  th e  Marine  
Mammal P r o t e c t i o n  Act o f  1972 p r o v id e  th e  o p p o r tu n ity  fo r  a u th o r iz e d
r e s e a r c h e r s  to  i n v e s t i g a t e  m arine mammal s t r a n d in g s  t o  d eterm ine  th e  
ca u se  o f  d e a th  and to  c o l l e c t  n a t u r a l  h i s t o r y  and m o r p h o lo g ic a l  d a ta  
The au th o r  i s  a u th o r iz e d  to  examine and n e c r o p sy  s tra n d e d  m arine  
mammals in  V i r g i n i a  and North C a r o l in a ,  th e  r e c o r d s  o f  which are  on 
f i l e  a t  th e  D i v i s i o n  o f  Mammals, S m ith son ian  I n s t i t u t i o n ,  Washington  
D.C. These r e c o r d s  were used  in  c o n ju n c t io n  w ith  m onthly  p o p u la t io n  
e s t im a t e s  t o  examine r e l a t i o n s h i p s  betw een  d o lp h in  d e n s i t y  and 
s t r a n d in g s  o f  i n d i v i d u a l s .
METHODS
A e r i a l  Surveys
A e r i a l  su r v e y s  were condu cted  during J u ly -O c to b e r  1 9 8 0 ,  and May- 
June 1 9 8 1 , from a h ig h -w in g e d ,  s i n g l e - e n g i n e  a i r c r a f t  (U6A D eH avilland  
Beaver in  1 9 80 ,  and C essna 172 Skyhawk in  1 9 8 1 ) .  An a l t i t u d e  o f  152 
m eters  and an a ir s p e e d  o f  148-167 k i lo m e t e r s  per hour were m a in ta in ed  
d u rin g  s u r v e y s .  Two o b s e r v e r s  p o s i t i o n e d  on o p p o s i t e  s i d e s  o f  th e  
a i r c r a f t  v i s u a l l y  s ea rch ed  out to  about one m i l e  o f  e i t h e r  s i d e  o f  th e  
a i r c r a f t .  A r e c o r d e r /n a v ig a t o r  s i t t i n g  forward o f  th e  o b s e r v e r s  and 
n e x t  t o  th e  p i l o t  h e lp e d  to  m a in ta in  p red eterm in ed  t r a n s e c t  l i n e s  and 
sea rch ed  ahead o f  th e  a i r c r a f t  f o r  d o lp h in s .  A l l  p e r s o n n e l  were in  
c o n t a c t  w ith  one a n o th er  v i a  in tercom  and th e  same o b s e r v e r s  
p a r t i c i p a t e d  in  a l l  o f  th e  s u r v e y s .
When d o lp h in s  were s i g h t e d ,  th e  p e r p e n d ic u la r  d i s t a n c e  from th e  
f l i g h t  p a th  to  th e  herd c e n t e r  was determ ined  from taped  m arkings on 
th e  wing s t r u t s  in  1980 or  a h an d -h e ld  in c l in o m e te r  (Suunto PM-5) in  
1981 w h i le  th e  a i r c r a f t  was in  l e v e l  f l i g h t .  The wing s t r u t  markings  
u sed  in  1980 were c a l i b r a t e d  w ith  runway markings p r io r  to  th e  f i r s t  
su rv ey  f l i g h t  and l e f t  in  p la c e  throughout 1 9 8 0 .  The l o c a t i o n ,  
d i r e c t i o n  o f  t r a v e l  and b eh a v io r  o f  herds was n o t e d ,  and th e  number o f  
d o lp h in s ,  in c lu d in g  th e  number o f  c a l v e s ,  was r e c o r d e d .  Because o f  
th e  d i f f i c u l t y  o f  o b t a in in g  a c c u r a te  co u n ts  o f  herds  o f  more than  
a p p r o x im a te ly  150 d o lp h in s ,  t h e s e  were e s t im a te d  to  th e  n e a r e s t  50
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8a n im a ls .  T r a n se c t  l e n g th s  and th e  su rv ey  a rea  were measured w ith  a 
d i g i t a l  p la n im e te r  from th e  a p p r o p r ia te  NOS/NOAA n a v ig a t io n  c h a r t s  
u s in g  th e  mean o f  th r e e  r e a d i n g s .
Two ty p e s  o f  su rv ey  schemes were used  depending upon th e  area
su rveyed  (F ig u r e  1 ) .  S y s t e m a t ic ,  l a t i t u d i n a l l y - o r i e n t e d  t r a n s e c t s
were f low n  in  th e  C hesapeake Bay mouth (CBM, F ig u r e  2 ) .  The s t a r t i n g
p o in t  f o r  each  su rv ey  was randomized and each  t r a n s e c t  was 4 n a u t i c a l
m i l e s  from th e  p r e v io u s  to  a v o id  th e  p o s s i b i l i t y  o f  c o u n t in g  th e  same
d o lp h in s  t w i c e .  Two e x c e p t io n s  to  t h i s  regim e o c c u r r e d ,  but in
n e i t h e r  c a s e  was any t r a n s e c t  l e s s  than 2 n a u t i c a l  m i l e s  from th e
p r e v i o u s .  Three or fo u r  t r a n s e c t s  were f low n during each  su rv ey  and
2each  su r v e y  co v er ed  a p p r o x im a te ly  30 p e r c e n t  o f  th e  762 km t o t a l  
s u r v e y  a r e a .  CBM su r v e y s  were f low n o n ly  in  1980 (F ig u r e  2 ) .
Longshore su r v e y s  were f low n  in  1980 and 1981 p a r a l l e l  t o  th e  c o a s t  1 
m o f f  th e  beach  from Cape C h ar les  to  F a l s e  Cape e x c e p t  f o r  th e  t r a n s i t  
betw een  Cape C h ar les  and Cape Henry.
B ecause o f  low numbers o f  s i g h t i n g s  in  th e  Chesapeake Bay mouth,  
d o lp h in  herd d e n s i t y  in  t h i s  a r e a  was e s t im a te d  u s in g  s t r i p  cen su s  
m ethodo logy  (m o d if ie d  from G ates 1 9 7 9 ) .  For com p arison , lo n g sh o re  
s u rv ey  d a ta  were t r e a t e d  s i m i l a r l y .  The d ata  from th e  1980 lo n g sh o re  
su r v e y s  were s u f f i c i e n t  to  a l s o  e s t im a t e  d e n s i t y  in  th a t  a rea  u s in g  
l i n e  t r a n s e c t  a n a l y s i s  (Burnham e t  a l .  1 9 8 0 ) .  L ine t r a n s e c t  a n a l y s i s  
p r o v id e s  a f u n c t io n  to  com pensate f o r  o b j e c t s  ( i n  t h i s  c a s e  d o lp h in s )  
w hich were p r e s e n t  but n o t  s e e n .
9F ig u r e  1 .  The Chesapeake Bay mouth su rv ey  a rea  ( e n c lo s e d  in  dark  
l i n e s )  and th e  n ea rsh o re  c o a s t a l  su rv ey  area  (shad ed  a r e a ) .
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F ig u r e  2 .  Chesapeake Bay mouth t r a n s e c t s .  The numbers r e p r e s e n t  th e  
t r a n s e c t s  f low n on s e p a r a t e  su rv ey  d a t e s .
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Data from a l l  CBM su r v e y s  were p o o le d  and herd  d e n s i t y  (D) was 
computed a s :
vs.
D -  n /(2Lw )
where n = th e  number o f  h erd s  s i g h t e d ,  L * th e  t r a n s e c t  le n g th  in  
k i lo m e t e r s  and w 85 th e  e f f e c t i v e  s t r i p  w id th .  The e f f e c t i v e  s t r i p  
w id th  was tr u n c a te d  a t  1 km and r e p r e s e n t s  th e  d i s t a n c e  from th e  
t r a n s e c t  l i n e  where herd s i g h t i n g s  r a p id ly  f e l l  o f f .  S in c e  we were  
a b le  to  s e e  and i d e n t i f y  m arine t u r t l e s  ( C a r e t ta  c a r e t t a ) a t  d i s t a n c e s  
ap p roach in g  1 km (B la y lo c k  and B y le s  1981) t h i s  s t r i p  w id th  seems 
r e a s o n a b l e •
The v a r ia n c e  o f  th e  herd d e n s i t y  e s t im a t e  was c a l c u l a t e d  by t r e a t i n g  
each  su r v e y  as a r e p l i c a t e  ( r e p l i c a t i o n  o v er  t im e )  w ith :
S2 = t (D£ -  D )2 / ( y  -  1) 
where D  ^ =* th e  herd  d e n s i t y  f o r  each  r e p l i c a t e ,  and y = th e  number o f  
r e p l i c a t e s •
S in c e  i t  i s  u n l i k e l y  th a t  a l l  an im als  w i t h in  a s t r i p  were s e e n ,  
th e  e s t im a t e  o f  abundance u s in g  s t r i p  cen su s  methods must be regarded  
as an a b s o lu t e  minimum.
L ine t r a n s e c t  m eth od s ,  as  opposed  to  s t r i p  cen su s  m eth od s,  ta k e  
in t o  a cco u n t  th e  r e d u c t io n  in  s i g h t a b i l i t y  w ith  herd d i s t a n c e  from th e  
t r a n s e c t  by com puting a p r o b a b i l i t y  d e n s i t y  f u n c t io n  [ f ( x ) l  u s in g  a 
model d e s c r ib i n g  t h i s  d e c r e a s e .  Burnham e t  a l .  (1 9 8 0 )  d i s c u s s  th e  
th e o r y  b eh ind  l i n e  t r a n s e c t  m eth od o logy  and th e  rea d er  i s  r e f e r r e d  to  
t h e i r  monograph f o r  a d e t a i l e d  d i s c u s s i o n .
Two p e r p e n d ic u la r  s i g h t i n g  d i s t a n c e  m odels were used  w ith  th e  
1980 lo n g sh o r e  su rv ey  d a t a .  The n e g a t iv e  e x p o n e n t ia l  model (G ates  e t  
a l .  1 9 6 8 ) ,  m o d if ie d  fo r  grou p ed , t r u n c a te d  d a ta  (Burnham e t  a l .  1980)
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was u sed  f o r  com parison  to  p r e v io u s  su rv ey s  u n dertaken  e l s e w h e r e .
However, b eca u se  th e  n e g a t i v e  e x p o n e n t ia l  e s t im a t o r  i s  n o t  ro b u st  to  
p o o l in g  o f  d a ta  nor does  i t  s a t i s f y  th e  c r i t e r i a  th a t  th e  d e r i v a t i v e  
o f  f ( 0 )  eq u a l 0 (Burnham e t  a l .  1 9 8 0 ) ,  th e  F o u r ie r  s e r i e s  e s t im a te d  
f  ( 0 )  was u sed  in  th e  f i n a l  e s t im a t e  o f  herd d e n s i t y .  R ob u stn ess  
im p l ie s  th a t  th e  model i s  r e l a t i v e l y  i n s e n s i t i v e  to  s l i g h t  d e p a r tu res  
from th e  in h e r e n t  a s su m p t io n s .
Herd s i g h t i n g s  were grouped in t o  200 m eter  i n t e r v a l s  from th e  
t r a n s e c t  and tr u n c a te d  a t  1 k i l o m e t e r .  The herd d e n s i t y  was e s t im a te d  
a s :
a
D = n f ( 0 ) / 2 L  
For th e  n e g a t i v e  e x p o n e n t ia l  e s t im a to r :
f ( 0 ) = g ( x ) / u w
where u = th e  i n t e g r a l  from 0 thru  w o f  g ( x ) , w ith  g ( 0 ) = l ,  x= the  w
p e r p e n d ic u la r  d i s t a n c e  from th e  t r a n s e c t  t o  th e  h e r d ,  w=the s t r i p  
( - a ) ( x )w id th  and g ( x ) = e  , where a= the  number o f  param eters  used  in  th e
e s t  im a t io n .
With th e  F o u r ie r  s e r i e s  e s t im a to r :
f ( 0 )  = l / [ w  + c o s ( 3 .1 4 1 5 9 ( x / w ) ) ] .
The r e s u l t s  o f  s t a t i s t i c a l  a n a ly s e s  a re  r e p o r te d  h e r e in  as th e  
p r o b a b i l i t y  (P) o f  o b s e r v in g  a d e v i a t i o n  as la r g e  or la r g e r  s o l e l y  due 
to  c h a n c e .
Boat Surveys
Meandering su r v e y s  were cond u cted  from a s m a ll  outboard  m otor-  
powered boa t  on s e v e r a l  o c c a s i o n s .  T y p i c a l l y ,  th e  boa t  was launched  
a t  Lynnhaven I n l e t  in  t h e  m orn in g , run t o  Cape H enry, t o  Rudee I n l e t  
( p a r a l l e l  t o ,  and about 1 /2  m i l e  from s h o r e ) ,  th en  to  Cape C h ar les  and 
back to  Lynnhaven I n l e t .  When d o lp h in s  were e n c o u n te r e d ,  th e  motor 
was sh ut o f f  and th e  b oat a l lo w e d  t o  d r i f t  near  th e  h e r d .  An a ttem p t  
was made t o  count th e  an im als  and th e  t im e ,  b e h a v io r  and d i r e c t i o n  o f  
t r a v e l  o f  th e  herd were n o t e d .  In  a d d i t i o n ,  d o r s a l  f i n s  were  
photographed  f o r  i n d i v i d u a l  in d en t  i f i c a t i o n  where p o s s i b l e .
Photographs were ta k en  w ith  a 35 mm camera (Olympus OM-1) equipped
w ith  a t e l e p h o t o  zoom le n s  (A lb in a r  80-210mm) and a u to m a tic  f i l m
advance (Olympus W in d e r -1 ) .
Nearby d o lp h in s  soon  l e f t  th e  v i c i n i t y  o f  th e  boat when i t  was 
n o t  underway. C o n s e q u e n t ly ,  in  1 981 , th e  v e s s e l  was run a t  a s lo w  
speed  p a r a l l e l  t o  and n ear  th e  h e r d .  Even a t  some d i s t a n c e  from th e  
b o a t ,  d o lp h in s  would u s u a l l y  approach when i t  was o p e r a te d  in  t h i s  
m anner.
In 1 9 8 1 , b eca u se  o f  th e  p h y s i c a l  c o n s t r a i n t s  o f  o p e r a t in g  th e  
b o a t  and p h otograp h in g  d o r s a l  f i n s  s im u l t a n e o u s ly ,  o n ly  c u r s o r y  data  
were o b ta in e d  and e f f o r t s  were c o n c e n tr a te d  on p h otograp h in g  d o r s a l  
f i n s  •
/ IBRARY \ \of t h e
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Shore O b se r v a t io n s
O b se r v a t io n s  o f  p a s s in g  d o lp h in s  were made from sh o re  a t  one o f  
two l o c a t i o n s  manned on an o p p o r t u n i s t i c  b a s i s  du ring  th e  summer o f  
1980: an abandoned p i e r  on th e  w est  s i d e  o f  F ish erm an 's  I s la n d  a t
Cape C h ar les  or a U. S .  Navy owned look ou t tow er a t  6 8 th  S t r e e t  in  
V ir g i n i a  B each . D o lp h in s  p a s s in g  t h e s e  s t a t i o n s  were c o u n te d ,  and th e  
t im e ,  b e h a v io r  and d i r e c t i o n  o f  t r a v e l  n o t e d .  Some d o r s a l  f i n  
ph otograp hs  were tak en  a t  F ish er m a n 's  I s l a n d ,  but b eca u se  o f  th e  
d i s t a n c e  o f  th e  d o lp h in s  from s h o r e ,  most o f  t h e s e  were o f  l i t t l e  u s e .  
For t h i s  r e a s o n ,  photography was n o t  u n d ertak en  a t  th e  V ir g in ia  Beach  
s i t e .
A n c i l l a r y  Data C o l l e c t  ion
There i s  a gap in  rec o rd ed  se a  s u r f a c e  w ater  tem p era tu res  
a v a i l a b l e  from NOAA in  th e  s tu d y  a rea  b eca u se  o f  th e  c l o s i n g  o f  th e  
Chesapeake Bay l i g h t h o u s e  in  e a r l y  1 9 8 0 . S u r fa ce  w ater  tem p era tu res  
w ere a v a i l a b l e  from th e  VIMS p i e r  (a p p r o x im a te ly  7 m i l e s  from th e  York 
R iv er  mouth) and co m p le te  s e t s  o f  m onthly  average  se a  w ater  
tem p era tu res  from th e  C hesapeake Bay l i g h t s h i p  ( L a t .  3 6 °5 4 '1 5 .8 " N  /  
Long. 7 5 ° 4 2 ' 4 7 . 1 ”W) were a v a i l a b l e  f o r  th e  y ea rs  1973 through  1 9 77 .  
L in ear  r e g r e s s i o n  o f  th e  l a t t e r  (Y) a g a in s t  VIMS p i e r  m onthly  a v era g e  
se a  w ater  tem p era tu res  (X) r e s u l t e d  in  th e  r e l a t i o n s h i p  
Y=0.837X+1,811°C  ( r ^ = 0 .9 4 ) .  T h is  r e l a t i o n s h i p  was used  to  e s t im a t e  
th e  a v era g e  m onthly  se a  w ater  tem p era tu re  n ear  th e  Chesapeake Bay
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mouth and n e a r s h o r e  V ir g in ia  B each . M onthly mean a i r  tem p era tu res  a t  
N o r f o lk ,  V ir g i n i a  were o b ta in e d  from th e  E n viron m enta l Data  
I n fo r m a t io n  S e r v i c e s ,  NOAA, A s h e v i l l e ,  N .C.
I t  was o r i g i n a l l y  assumed t h a t  c o a s t a l  f r o n t s  such as  th e  
Chesapeake Bay plume would be v i s i b l e  on enough o c c a s io n s  t o  examine  
d o lp h in  d i s t r i b u t i o n  in  r e l a t i o n  t o  them . However, f r o n t s  were o n ly  
r a r e l y  d i s c e r n a b l e ,  and on t h o s e  o c c a s io n s  when d o lp h in s  were p r e s e n t  
th e y  were p r e s e n t  in  both  w ater  m a s s e s .
T id a l  d a ta  o b ta in e d  from NOAA T id e T ab les  were u sed  to  examine  
th e  movement o f  d o lp h in  herds  in  r e l a t i o n  to  t i d a l  s t a g e  and 
d i r e c t i o n .
The fr e q u e n c y  o f  d o lp h in  s t r a n d in g s  ( i n v e s t i g a t e d  by th e  au thor  
and on f i l e  w ith  th e  S m ith son ian  I n s t i t u t i o n ,  Anon 1976 -1 9 8 1 )  l i n e a r l y  
r e g r e s s e d  a g a i n s t  s u r v e y - e s t im a t e d  m onthly  abundance o f  T u rs io p s  was 
u sed  to  examine th e  r e l a t i o n s h i p  b etw een  l i v e  d o lp h in  abundance and 
d o lp h in  s t r a n d i n g s .  The tem p ora l s t r a n d in g  freq u en cy  o f  T u rs io p s  
betw een  North C a r o lin a  (n o r th  o f  Ocracoke I s la n d )  and V ir g in ia  was 
compared to  s e e  i f  any p a t t e r n s  em erged.
RESULTS
A e r i a l  Surveys
C hesapeake Bay Mouth
S ix  a e r i a l  su r v e y s  o f  th e  Chesapeake Bay mouth a rea  (F ig u r e  2)
d u rin g  June th rough  August o f  1980 co v ered  7 1 6 .6  l i n e a r  km, an a verage
o f  1 1 9 .4  l i n e a r  km p er  s u r v e y .  Each su rvey  r e p r e s e n te d  a p p ro x im a te ly
2
31% o f  th e  762 km su rv ey  a rea  assum ing a s t r i p  w id th  o f  2 km (1 km to
each  s i d e  o f  th e  a i r c r a f t ) .  A t o t a l  o f  f i v e  herd s i g h t i n g s  r e s u l t e d
A 2 
in  a s t r i p  c e n su s  e s t im a te d  herd d e n s i t y  (D) o f  0 .0 0 4  herds p er  km
(+_ 0 .0 0 1 8  S .E . )  (T a b le  1 ) .  Mean herd s i z e  (H) was 3 2 . 8  d o lp h in s  per
herd (+ _ 3 0 .7 0  S . E . ) .  T hese da ta  r e s u l t  in  an e s t im a te d  d o lp h in
2
d e n s i t y  (P) o f  0 .1 2  d o lp h in s  per  km (+_ 0 .0 9 2  S . E . ) .
Sou thern  V ir g in ia  C oast
Nine su r v e y s  d u r in g  J u ly  through O ctober 1 9 8 0 ,  and May and June
1 9 8 1 , t o t a l i n g  5 5 9 .7  l i n e a r  km, r e s u l t e d  in  48 herd s i g h t i n g s .  The
2
s t r i p  ce n su s  herd d e n s i t y  e s t im a t e  was 0 .0 4 4  herds  p er  km (+_ 0 .0 0 2 3
S .E . )  (2  km s t r i p  w id th )  w ith  a mean herd s i z e  o f  3 3 .7  d o lp h in s  per  
herd (+. 2 3 .9 7  S . E . ) .  S t r ip  cen su s  e s t im a te d  d o lp h in  d e n s i t y  th e n ,  was
16
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T ab le  1 .  S t r ip  c en su s  r e s u l t s  from a e r i a l  su rv ey s  o f  T u rs io p s
t r u n c a tu s  in  th e  Chesapeake Bay mouth and so u th er n  c o a s t a l  w a ters  o f
A 2  —V i r g i n i a .  D r e p r e s e n t s  herd d e n s i t y  (herds/k m  ) ,  H i s  th e  mean herd
s i z e  ( d o lp h in s /h e r d )  and P i s  th e  e s t im a te d  d o lp h in  d e n s i t y  
2
(d o lp h in s /k m  ) •
M onth/year Survey a rea ^Surveys D H
a
P %calves
J u l  80 Bay mouth 2 0 .0 0 4 0 4 3 .5 0 .1 7 4 1 1 .5
Aug 80 Bay mouth 4 0 .0 0 3 2 2 5 .7 0 .0 0 8 3 .6
J u l  80 Va. c o a s t 2 0 .0 4 4 1 3 6 .1 1 .5 9 2 8 .1
Aug 80 Va. c o a s t 3 0 .0 4 4 5 2 0 .0 0 .9 1 1 5 .1
Sep 80 Va. c o a s t 2 0 .0 4 4 1 6 1 .4 2 .7 1 0 3 .7
Oct 80 Va. c o a s t 1 0 .0 4 0 1 1 4 .8 0 .5 9 4 - 0 -
May 81 Va. c o a s t 1 0 .0 0 8 0 4 5 .0 0 .3 6 0 - 0 -
Jun 81 Va. c o a s t 1 0 .0 2 4 1 3 7 .0 0 .8 9 2 9 .5
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F ig u r e  3 ,  The F o u r ie r  s e r i e s  p r o b a b i l i t y  d e n s i t y  f u n c t io n  cu rve  f i t  
to  a h is to g r a m  o f  th e  d i s t r i b u t i o n  o f  d o lp h in  herd s i g h t i n g s  from th e  
t r a n s e c t  [ f ( 0 ) = ! . 8 3 8 ] .
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21 ,4 7  d o lp h in s  p er  km (+. 1 .0 4 1  S .E . )  f o r  com parison  w ith  Chesapeake
Bay mouth d e n s i t y  e s t i m a t e s .
L ine t r a n s e c t  a n a l y s i s  o f  1980 c o a s t a l  a e r i a l  su r v e y s  r e s u l t e d  in
2
a herd d e n s i t y  o f  0 .0 8 1  h erd s  p er  km (jf 0 .0 1 2 6  S .E . )  u s in g  th e
F o u r ie r  s e r i e s  e s t im a te d  f(0 )*= 1 .838  (F ig u r e  3 )  t o  c o r r e c t  f o r  herds
p r e s e n t  but n o t  s e e n .  U sin g  th e  n e g a t iv e  e x p o n e n t ia l  m odel (F ig u r e  4)
f ( 0 ) = 2 . 7 3 3  and th e  herd d e n s i t y  e s t im a t e  becomes 0 .1 2 1  h erds  per
km ( + .0 .0 2 8 2  S . E . ) .  The n e g a t i v e  e x p o n e n t ia l  m odel appeared  to  b e t t e r
f i t  th e  a c t u a l  d i s t r i b u t i o n  o f  p e r p in d ic u la r  s i g h t i n g  d i s t a n c e s  than
2
d id  th e  F o u r ie r  s e r i e s  m odel ( X , P < .10  vs  P < .3 0 ) ,  but th e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  a c t u a l  s i g h t i n g  d i s t r i b u t i o n  and 
th e  m odel computed d i s t r i b u t i o n  w ith  e i t h e r  model (B irnbaum -H all  
t e s t ,  P < ,0 5 ,  Conover 1 9 7 1 ) .  However, f o r  t h e o r e t i c a l  r e a s o n s  g iv e n  in  
Burnham e t  a l .  (1 9 8 0 )  and d i s c u s s e d  l a t e r  in  t h i s  t h e s i s ,  th e  F o u r ier  
s e r i e s  e s t im a te d  herd d e n s i t y  was used  in  th e  model c o r r e c te d  
p o p u la t io n  e s t i m a t e .
a
D olph in  d e n s i t y  (P) i s  th e  p rodu ct o f  th e  F o u r ie r  s e r i e s -  
c o r r e c t e d  herd d e n s i t y  e s t im a t e  (D) and th e  mean herd s i z e  ( H ) . The 
v a r ia n c e  o f  t h i s  prod u ct  f o l l o w i n g  Goodman (1 9 6 0 ,  from Leatherwood e t  
a l .  1978) i s :
A A A A A  A A A A A A
S P * H S (D) + S (H)D -  S (D)S (H)
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F ig u r e  4 .  The n e g a t iv e  e x p o n e n t ia l  p r o b a b i l i t y  d e n s i t y  f u n c t io n  cu rve  
f i t  t o  a h is to g r a m  o f  th e  d i s t r i b u t i o n  o f  d o lp h in  herd s i g h t i n g s  from  
th e  t r a n s e c t  [ f ( 0 ) = 2 . 7 3 3 ] .
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The l i n e  t r a n s e c t  e s t im a t e d  number o f  T u r s io p s  in  th e  so u th er n  
V ir g in ia  c o a s t a l  r e g io n  from Cape C har les  t o  Cape H enry, w i t h in  2 km 
o f  s h o r e ,  d u r in g  J u ly  throu gh  O ctober 1980 ,  was 340 + ,2 4 5  ( S . E . ) .  The 
95% c o n f id e n c e  i n t e r v a l ,  assum ing a sy m p to t ic  n o r m a l i ty  and Z -  1 . 9 6 ,  
i s  +_ 72 d o lp h in s .
Herd C om posit ion
Because o f  th e  s u r v e y  a l t i t u d e  o b s e r v a t io n s  o f  herd  c o m p o s it io n  
a re  l i m i t e d  t o  th e  r e l a t i v e  number o f  c a l v e s  p er  h e r d .  D o lp h ins  
o b v io u s ly  much s m a l le r  than  th e  o th e r s  and accom panied by a la r g e r  
d o lp h in  were c o n s id e r e d  to  be c a l v e s .  O d e l l  and R eynolds (1 9 8 0 )  n oted  
changes in  g e o m e tr ic  herd  s t r u c t u r e  presum ably cau sed  by th e  a i r c r a f t  
n o i s e  a t  a l t i t u d e  o f  305 m, p a r t i c u l a r l y  d u rin g  c i r c l i n g  to  o b ta in  
a c c u r a te  co u n ts  o f  herd  s i z e .  We a l s o  ob serv ed  r a p id  changes in  
g e o m e tr ic  herd s t r u c t u r e  and b e h a v io r  from our su rv ey  a l t i t u d e  o f  152 
m. More o f t e n  than  n o t ,  d o lp h in s  would r a p id ly  d iv e  upon our second  
ap p ro a ch •
The p e r c e n ta g e  o f  c a l v e s  in  d o lp h in  h erds  showed some change on a 
m onthly  b a s i s  in  th e  c o a s t a l  su rv ey  a rea  (T a b le  1 ) .  The p e r c e n ta g e  o f  
c a l v e s  peaked in  June and s t e a d i l y  d e c l in e d  t h e r e a f t e r  (F ig u r e  5 ) .
The o v e r a l l  mean p e r c e n ta g e  o f  c a l v e s  in  h erds  in  th e  Chesapeake Bay 
mouth in  1980 was 6.2% ( ^  7.15% S .E . )  and in  th e  c o a s t a l  a r e a ,  4.9% (+. 
3.32% S .E . )  .
22
F ig u r e  5 .  P e r c e n t  c a l f  c o m p o s it io n  o f  herds by m onth.
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Herd D i s t r i b u t i o n
D o lp h in s  w ere n e v e r  s ig h t e d  more than  1 .6  km from sh o re  d uring  
Chesapeake Bay mouth s u r v e y s  nor during  su b seq u en t fo r a y s  up to  8 km 
o f f s h o r e  o f  th e  c o a s t a l  su rv ey  a r e a .  P l o t s  o f  d o lp h in  herds s ig h t e d  
du rin g  a e r i a l  s u r v e y s  in  1980 and 1981 (F ig u r e  6A-D) im ply a un iform  
d i s t r i b u t i o n  a lo n g  th e  so u th e r n  c o a s t a l  a rea  a lth o u g h  some clum ping o f  
herd  s i g h t i n g s  a t  Cape Henry and a t  Cape C h a r les  (F ish erm a n 's  I s la n d )  
i s  a p p a r e n t .  D o lp h in s  were n e v e r  s ig h t e d  in  w a ter  >10 m d e e p .
However, a l l  o f  th e  c o a s t a l  su r v e y  was o v er  w ater  <10 m in  dep th  and 
o n ly  a s m a ll  p o r t io n  o f  th e  Chesapeake Bay mouth i s  >10 m d eep .  
T h e r e fo r e ,  t h e s e  d a ta  a re  in c o n c l u s i v e  o f  dep th  p r e f e r e n c e  o f  
b o t t l e n o s e  d o lp h in s .
Herd d e n s i t y  was d i r e c t l y  r e l a t e d  to  s e a  s u r f a c e  tem peratu re  
( r = 0 .8 7 )  d u r in g  May-June 1981 and J u ly -O c to b e r  1 9 8 0 . R e l a t i v e  to  
t h i s ,  th e r e  was a l s o  a d i r e c t  r e l a t i o n s h i p  betw een  d o lp h in  d e n s i t y  and 
sea  s u r f a c e  tem p era tu res  (R = 0 . 8 5 ) .  There was no apparent  
r e l a t i o n s h i p  betw een  betw een  a i r  tem p eratu re  and herd or d o lp h in  
d e n s i t y  ( r = - 0 . 1 4 ) .
Herd Movement
There was no s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  number o f  
d o lp h in s  moving n o r th  or  so u th  in  th e  c o a s t a l  a rea  throughout th e  tim e  
frame o f  t h i s  s tu d y  ( t '  t e s t ,  P < . 0 5 ) , but th e r e  was a s t e a d y  d e c l i n e  
in  northward t r a v e l  from June through  O ctober (F ig u r e  7) ( t h e  t '  
d i s t r i b u t i o n  ap p rox im ates  th e  t  d i s t r i b u t i o n  when th e r e  i s
24
F ig u r e  6 ,  A-D. NOS h yd rograp h ic  c h a r t s  o f  th e  s o u th e r n  V ir g in ia  
c o a s t a l  r e g io n  showing th e  d i s t r i b u t i o n  o f  d o lp h in  herd s i g h t i n g s  
d u r in g  a e r i a l  s u r v e y s .
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BELL I ‘
N O T E
T unnel 
m a in ta in e d  light*)
T re s tle *  A a n d  8  -  In  e a c h  t r e s t le  sec tion  th e  fixed 
navigation openings for sm all c ra ft consis ts  of a  group 
o f  3 s p a n s .  A fix ed  g r e e n  tig h t m a rk s  c e n te rlin e  of 
e a c h  s p a n  a n d  f ix ed  re d  lig h ts  m a rk  o u term o st 
b rid g e  su p p o r t  p iling  on e a c h  s id e  of th e  openings. 
N orth  C h a n n e l & F ish e rm a n  In le t B ridges -  A fixed 
g re e n  tig h t m a rk s  e a c h  m id .c h a n n e l, w ith  fixed rad 
ligh ts  m a rk in g  c h a n n e l lim its . F ixed re d  obstruction  
ligh ts  m a rk  ea ch  p ie r in  T re s tle s  C  an d  O.
M arsh
LOOK TR
N E T  1C.  . D I S T U R B A N C E;2 l L O C A L  MA
LYNNHAVEN IN L E T  
L y n n h a v e n  In le t  is  s u b je c t  to  co n tin u a l change
HEIGHTS
Heights In feet above Mean High Water.
PENTHOUSE
Horn,
N O T E  F 
C A U TIO N  
T h e  C h e s a p e a k e  Bay B ridge  T unnel 
com plex  Has on se v e ra l occasions su ffered  
d a m a g e  f ro m  v e s s e ls  d u e  to  ad v e rse  
w e a th e r  con d itio n s . C u rre n ts  in excess of 
th r e e  k r.o is  ca n  be e x p e c te d  in th e  area  
M a rin e rs  tra n s i t in g  th is  a re a  a re  urged to 
be p a r t ic u la r ly  a le r t  in r e g a rd s  to  the 
w e a th e r  s itu a tio n . T h e  N ational W eather 
S e rv ic e  p ro v id e s  24 ho u r w e a th e r  b road­
c a stin g  on 162.55 M Hz. T he Local M arine 
o p e ra to r  a 's o  t r a n s m its  w e a th e r  in fo rm a­
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Sols should leave all buoys on their port 
d. The pilotage a rea  Is marked by a tintod 
ale band . Traffic within the precautionary ^ - 
i m ay consist of vessels operating be- .
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I In navigating within this area. ;
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igned to aid in the prevention of collisions 
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Intended In any  way to supersede  or ellor , 
app licab le Rules of the Road.
brnled tor surlaco use. Limitations on the use of 
certain other radio signals as aids to marine 
navigation can be found In tho U.S. Coast 
Guard Light Lists and Defense Mapping 
Agency Hydrographic/Topographic Center 
Publication 117 (A & B).
Radio directlon-linder boerings to commer- , 
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obtained from the Environmental Protection Agency (EPA).
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F ig u r e  7 .  D ir e c t e d  herd movement by m onth. The p o in t s  i n d i c a t e  th e  
p e r c e n t  o f  th e  t o t a l  o f  h erd s  s ig h t e d  d u r in g  th a t  month which were  
t r a v e l l i n g  e i t h e r  n o r th  or  s o u th .  Where th e y  do n o t  t o t a l  100% some 
herds  were n o t  e x h i b i t i n g  d i r e c t e d  movement.
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h e t e r o g e n e i t y  o f  v a r ia n c e  betw een  m e a n s ) .  T h is  was accom panied by an 
in c r e a s e  in  southward t r a v e l  in  June through  O ctober w ith  th e  
e x c e p t io n  o f  th e  month o f  September (F ig u r e  7 ) .  There was no 
s i g n i f i c a n t  d i f f e r e n c e  in  d o lp h in  movement w ith  or  a g a in s t  t i d a l  f lo w  
in  th e  c o a s t a l  su rv ey  a rea  ( t '  t e s t ,  P < .0 5 ) .  The d a ta  a r e  
i n s u f f i c i e n t  t o  a n a ly z e  t h e s e  f a c t o r s  r e l a t i v e  to  C hesapeake Bay mouth 
s i g h t i n g s .
D olp h in  B eh avior
Complex b e h a v io r  was o b serv ed  in  18.2% o f  th e  d o lp h in  herds  
s i g h t e d  in  th e  c o a s t a l  su rv ey  a r e a .  The term "complex" i s  u sed  h ere  
to  d e s c r ib e  b e h a v io r  which c o u ld  be p l a y ,  m ating  or f e e d in g  b e h a v io r .  
Obvious f e e d in g  b e h a v io r ,  where d o lp h in s  were ob served  to  be ch a rg in g  
in t o  s c h o o ls  o f  f i s h ,  com prised  4% o f  th e  complex b e h a v io r  n o t e d .
In  a d d i t io n  to  th e  d i f f i c u l t y  o f  i n t r e p r e t in g  d o lp h in  b e h a v io r  
from an a i r p l a n e ,  t h e i r  b e h a v io r  o f t e n  changed a b r u p t ly  when th e  
a i r c r a f t  c i r c l e d  th e  herd  so th a t  in d i v i d u a l s  co u ld  be cou nted  more 
a c c u r a t e l y .  Most o f t e n ,  th e  d o lp h in s  would d iv e  and s t a y  submerged  
u n t i l  th e  a i r c r a f t  p a s s e d .  T h is  was o f t e n  p receed ed  by t a i l - s l a p p i n g  
b e h a v io r  by many i n d i v i d u a l s .
The most o f t e n  o b serv ed  b e h a v io r  was s im p ly  swimming in  a h ig h ly  
d i r e c t i o n a l  manner w hich I term t r a v e l l i n g .  T h is  com prised  81.2% o f  
a l l  b e h a v io r a l  o b s e r v a t io n s  and was a lm ost  a lw ays p a r a l l e l  t o  s h o r e .  
A lth ough  herd b e h a v io r  o f t e n  changed when th e  a i r c r a f t  n e a r e d ,  when 
f i r s t  s ig h t e d  th e  t r a v e l l i n g  h erd s  were u s u a l l y  composed o f  many 
s m a l le r  groups o f  c l o s e l y  spaced  i n d i v i d u a l s .  These groups most o f t e n
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c o n s i s t e d  o f  3 -6  i n d i v i d u a l s ,  but c o u ld  be a s i n g l e  an im al or  a group  
o f  10 -12  as w e l l .  Groups such  as t h e s e  were s e p a r a te d  by d i s t a n c e s  as  
c l o s e  as  a few  m eters  or  as d i s t a n t  as  s e v e r a l  t e n s  o f  m e t e r s .  Herds 
were o c c a s i o n a l l y  more than a k i lo m e t e r  in  l e n g t h ,  but n ev e r  more than  
a few  t e n s  o f  m eters  in  w id th .
No s i g n i f i c a n t  a s s o c i a t i o n s  betw een  d o lp h in s  and b i r d s ,  h e r p t i l e s  
or  o th e r  m arine mammals were o b s e r v e d ,  nor were any o th e r  s p e c i e s  o f  
m arine mammal s een  durin g  a e r i a l  s u r v e y s .
Sm all Boat Surveys
In 1 9 8 0 , 2 7 .2 5  hours o f  m eandering su r v e y s  r e s u l t e d  in  4 d o lp h in
herd s i g h t i n g s .  In 1 9 81 , 12 h erd s  were s ig h t e d  d u rin g  4 0 .5  hours o f
m eandering b oa t  su r v e y s  (T a b le  2 ) .  The mean herd s i z e s  e s t im a te d  from  
t h e s e  s u r v e y s — 3 9 .3  d o lp h in s  per  herd in  1980 and 4 2 .6  d o lp h in s  per  
herd in  1981— sh o u ld  be v iew ed  w ith  c a u t i o n .  Lear and Bryden (1 9 8 0 )  
d i s c u s s e d  th e  c o n s id e r a b le  d i f f i c u l t y  o f  o b t a in in g  a c c u r a te  co u n ts  o f
d o lp h in s  from s m a l l  b o a t s .  The problem  i s  even  more s e v e r e  when th e
o b s e r v e r  i s  a t te m p t in g  to  s im u lt a n e o u s ly  count and photograph  
in d i v i d u a l  d o l p h i n s .  F u rtherm ore, b o t t l e n o s e  d o lp h in s  o f t e n  approach  
s m a ll  b o a t s  ( p e r s o n a l  o b s e r v a t io n s )  th u s  b ia s i n g  any abundance  
e s t im a t e  b ased  on such s u r v e y s .  B ecause o f  t h i s ,  and to  b e t t e r  
c o n c e n t r a t e  on p h otograp h in g  d o r s a l  f i n s  f o r  i d e n t i f i c a t i o n  o f  
i n d i v i d u a l s ,  o n ly  c u r so r y  a t te m p ts  were made t o  cou nt d o lp h in s  
en co u n tered  d u r in g  th e  s m a ll  boa t  o p e r a t i o n s .
N icks and c u t s  in  th e  t r a i l i n g  edge o f  d o lp h in s '  d o r s a l  f i n s  and 
m issh apen  and abberant d o r s a l  f i n s  have been used  to  i d e n t i f y
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T a b le  2 .  Boat su r v e y  r e s u l t s  (F I= F ish erm a n 's  I s l a n d ,  L C = L itt le  C reek ,  
CH=Cape H enry, E R =E lizabeth  R iv e r ,  CBBT=Chesapeake Bay B r id g e -T u n n e l ,  
RUDEE=Rudee I n l e t ,  LYNN=Lynnhaven I n l e t ,  V B=V irgin ia  B each , VIMS= 
V ir g i n i a  I n s t i t u t e  o f  Marine S c i e n c e ) •
Date L o c a t io n s Obs. H r s . # D o lp h in s # Herds
14 Aug 80 ER 3 . 0 60 1
6 Sep 80 LYNN-RUDEE-LYNN 4 . 8 0 0
7 Sep 80 LYNN-CH-LYNN 7 .5 60 1
13 Sep 80 LYNN-FI-CH-LYNN 6 . 8 0 0
14 Sep 80 LYNN-CH-FI-LYNN 5 .3 37 2
T o t a l s  1980 2 7 .4 157 4
A verage herd s i z e  1980=39 .3
14 J u l  81 LC-FI-CBBT-LC 8 .0 33 2
15 J u l  81 LC-CH-LC-VB-LC 1 0 .0 33 4
27 J u l  81 LYNN-CH-FI-LYNN 7 . 5 60 1
28 J u l  81 LYNN-CH-RUDEE-CH-LYNN 4 . 8 30 1
5 Aug 81 RUDEE-CH-RUDEE 5 .0 120 1
7 Aug 81 RUDEE-CH-CBBT-VIMS 5 .3 230 3
T o t a l s  1981 4 0 .6 506 12
A verage herd s i z e  1981= 42 .6
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in d i v i d u a l  d o lp h in s  (W ursig 1 9 7 8 ,  Shane 1 9 8 0 ) .  During 1 9 8 0 ,  422  
p h otograp h s  (35  mm) w ere ta k en  o f  d o lp h in s  in  th e  s tu d y  a rea  from  
s m a l l  b o a t s .  Of t h e s e ,  60% were n o t  u s e a b le  (o u t  o f  f o c u s ,  wrong 
e x p o s u r e ,  e t c . ,  or  th e  d o lp h in  d o v e ) ,  l e a v in g  167 u s e a b le  photographs  
in c lu d in g  th o s e  o f  7 r e c o g n i z a b le  i n d i v i d u a l s .  P h otograp hs were 
u s e a b le  i f  a t  l e a s t  th e  o u t l i n e  o f  th e  d o r s a l  f i n  was d i s c e r n a b le  when 
c o n t a c t  p r in t e d  and v iew ed  under 40X m a g n i f i c a t i o n .  In 1 9 8 1 ,  a t o t a l  
o f  764 p h otograp hs r e s u l t e d  in  579 (~76%) u s e a b le  p h o to g r a p h s ,  17 o f  
w hich were o f  r e c o g n iz a b le  i n d i v i d u a l s .  Out o f  th e  t o t a l  o f  24  
r e c o g n i z a b le  in d i v i d u a l s  photographed  in  th o s e  two y e a r s ,  5 ("21%) 
were o b serv ed  both  y e a r s  (F ig u r e  8 a - e ) . Appendix A c a t a l o g s  a l l  o f  
th e  i n d i v i d u a l s  i d e n t i f i a b l e  from d o r s a l  f i n  p h otograp hs tak en  d uring  
t h i s  s t u d y .
Shore Based O b se r v a t io n s
O b se r v a t io n s  from th e  p i e r  a t  F ish erm an 's  I s la n d  y i e ld e d  
a p p r o x im a te ly  50% more s i g h t i n g s  p er  hour than t h o s e  from th e  look ou t  
tow er a t  V ir g in ia  Beach (T a b le  3 ) .  The average  number o f  d o lp h in  herd  
s i g h t i n g s  (o r  o f  lo n e  d o lp h in s )  was 0 .3 0 / h r  a t  V ir g in ia  Beach and 
0 . 4 8 / h r  a t  F ish erm an 's  I s l a n d .  A t o t a l  o f  4 9 .5  hours o f  o b s e r v a t io n  
o v er  7 days a t  b oth  l o c a t i o n s  y i e l d e d  20 d o lp h in  herd s i g h t i n g s  fo r  an 
a v era g e  o f  0 .4 0  o b s e r v a t i o n s / h r .  Some p h otographs were tak en  w ith  a 
t e l e p h o t o  le n s  a t  th e  F ish er m a n 's  I s la n d  s t a t i o n  but were n o t  u s e f u l  
fo r  in d iv i d u a l  i d e n t i f i c a t i o n s  b eca u se  o f  th e  d i s t a n c e  o f  th e  d o lp h in s  
from th e  o b s e r v e r .  Photographs were n o t  a ttem p ted  a t  V ir g in ia  Beach 
b eca u se  th e  look ou t tow er a t  V ir g in ia  Beach i s  a p p ro x im a te ly  24 m in
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F ig u r e  8 a - e .  D o lp h in s  s ig h t e d  in  s u c c e s s i v e  y e a r s ,  r e c o g n i z a b le  by 
d i s t i n c t i v e  d o r s a l  f i n s .  P hotographs w ith  th e  same l e t t e r  p r e f i x  are  
o f  th e  same i n d i v i d u a l .  D i f f e r e n t  numbers i n d i c a t e  photograp hs ta k en  
in  d i f f e r e n t  y e a r s .  The l i n e s  i n d i c a t e  f e a t u r e s  used  in  
id e n t  i f  i c a t  i o n •
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T ab le  3 .  S h o re-b a sed  d o lp h in  o b s e r v a t i o n s .  Va. Bch. r e f e r s  t o  th e  
loo k o u t  tow er a t  6 9 th  s t r e e t  in  V ir g in ia  Beach and F i s h .  I .  r e f e r s  to  
F ish erm a n 's  I s la n d  a t  Cape C h a r le s .
Date L o c a t io n Obs. t  ime No. o b s e r v a t io n s No. d o ln h in s
19 J u l 80 Va. B ch . 5 .7  hr 2 9
26 J u l 80 i« 5 .3 2 10
3 Aug 80 ti 6 .0 1 2
20 Jun 80 F i s h .  I . 6 .0 3 69
21 Jun 80 ti 9 .5 3 37
22 Jun 80 it 9 .5 4 84+
5 J u l 80 it 7 .5 5 236 +
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h e i g h t ,  about 150 m from th e  s h o r e l i n e  and th e  d o lp h in s  were u s u a l l y  
a t  l e a s t  600 m o f f s h o r e .  Thus, th e  d i s t a n c e  from th e  o b s e r v e r  t o  th e  
d o lp h in s  was u s u a l l y  g r e a t e r  than  650 m.
S tr a n d in g s
During 1980 and 1 981 ,  13 T u r s io p s  tr u n c a tu s  were r e p o r te d  
s tr a n d e d  on b ea ch es  in  V i r g i n i a .  Of t h e s e ,  12 were r e t r i e v e d ,  
examined and r e p o r te d  to  th e  N a t io n a l  Marine F i s h e r i e s  S e r v ic e  and th e  
S m ith son ian  I n s t i t u t i o n  S c i e n t i f i c  Event A le r t  Network (SEAN). One o f  
th e  s tr a n d e d  an im als  had apparen t shark i n f l i c t e d  wounds, but i t  was 
n ot p o s s i b l e  t o  d e term in e  w hether t h e s e  had been i n f l i c t e d  p r e -  or  
p o st-m o r te m . Two o th e r s  had what appeared  to  be n e t  marks but th e  
ca u se  o f  d ea th  was n o t  d e te r m in e d .
A c o m p l i l a t i o n  o f  th e  r e l a t i v e  number o f  T u rs io p s  tr u n c a tu s  
s t r a n d in g s  by month in  North C a r o l in a  (n o r th  o f  Ocracoke I s la n d )  and 
V ir g i n i a  f o r  th e  y e a r s  1976 through  1981 (F ig u r e  9) from f i l e s  o f  th e  
D i v i s i o n  o f  Mammals, S m ith son ian  I n s t i t u t i o n  (Mead, p e r s o n a l  
com m unication) shows a la g  o f  a p p r o x im a te ly  one month betw een  
spring/sum m er peaks in  s t r a n d in g s  betw een  th e  two a r e a s .  However, 
th e r e  was no apparent r e l a t i o n s h i p  betw een  d o lp h in  or d o lp h in  herd  
d e n s i t y  and d o lp h in  s t r a n d in g s  in  V ir g i n i a  in  1980 and 1981 .
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F ig u r e  9 .  T u r s io p s  t r u n c a tu s  s t r a n d in g s  by m onth, r e l a t i v e  to  th e  
o v e r a l l  t o t a l  number o f  s t r a n d i n g s ,  in  North C a r o l in a  (n o r th  o f  
Ocracoke I s l a n d )  and V i r g i n i a ,  1976-1981  c o m p o s i t e .
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DISCUSSION
Herd D e n s i t y  and D i s t r i b u t i o n
D olp h in  herd  d e n s i t y  in  th e  Chesapeake Bay mouth (b a se d  on th e  
s t r i p  c e n s u s  e s t im a t e )  was s i g n i f i c a n t l y  low er than in  th e  so u th er n  
V ir g i n i a  c o a s t a l  su r v e y  area  ( t '  t e s t ,  P < . 0 1 ) . In sh o re  T u rs io p s  
t r u n c a tu s  are  found c l o s e  to  th e  beach  in  t h i s  area  (CETAP 1981) and 
a re  g e n e r a l l y  found w i t h in  1 .6  km o f  sh ore  a lo n g  th e  V ir g in ia  c o a s t  
( p e r s o n a l  o b s e r v a t i o n s ) .  P r e l im in a r y  f l i g h t s  a lo n g  th e  p e r im e te r  o f  
th e  Chesapeake Bay mouth su rv ey  a rea  p r io r  to  th e  c o a s t a l  su rv ey s  
p ro v id e d  no e v id e n c e  to  r e f u t e  th e  Chesapeake Bay mouth su rv ey  
r e s u l t s .  That i s  t o  s a y ,  herd d e n s i t y  was s t i l l  low even  when f l y i n g  
o n ly  n e a r sh o r e  in  th a t  a r e a .
There was no s i g n i f i c a n t  d i f f e r e n c e  in  mean herd s i z e  ( t  t e s t ,  
P < .0 5 )  nor in  th e  c a l f  c o m p o s it io n  o f  herds ( t '  t e s t ,  P < .05 )  betw een  
th e  Chesapeake Bay mouth and th e  so u th er n  V ir g in ia  c o a s t a l  su rvey  
a r e a s .  T h is  s u g g e s t s  th a t  th e  T u rs io p s  t r u n c a tu s  found in  th e  
C hesapeake Bay d u rin g  th e  l a t e  summer may be a component o f  th e  
c o a s t a l  p o p u l a t io n .  T his  may seem o b v io u s  s i n c e  b o t t l e n o s e  d o lp h in s  
do n o t  appear in  th e  Chesapeake Bay u n t i l  l a t e  summer when c o a s t a l  
Turs io p s  are  ab u n d an t.
T ab le  4 i s  a c o m p i la t io n  o f  b o t t l e n o s e  d o lp h in  s i g h t i n g s  
s o l i c i t e d  from r e s i d e n t s ,  com m ercia l f ish erm en  and V ir g in ia  I n s t i t u t e
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TABLE 4 .  I n c i d e n t a l  s i g h t i n g s  o f  Turs io p s  tr u n c a tu s  r e p o r te d  by 
com m ercia l f ish e r m e n  and V .I .M .S .  r e s e a r c h e r s  in  th e  Chesapeake Bay.
Date________ L o c a t io n  v h ere  s ig h t e d _________________ O bserver
30 J u l 81 York R iv er  n ear  G lo u c . P t • B. Meehan, VIMS
29 Aug 81 York R iver  b r id g e D. E s t e s ,  VIMS
3 Sep 81 York R iv er  mouth R. B y l e s ,  VIMS
4 Sep 81 ti it
30 J u l 82 Rappahannock R iver H. K rau se ,  f ish erm an
23 Aug 82 York R iv er  mouth R. B y le s ,  VIMS
18 Sep 82 rr it
11 Aug 83 York R. n ear  G lou c .  P t . ii
26 Aug 83 York S p i t  L igh t it
23 Sep 83 New P o in t  L igh t it
2 Oct 83 Bouy 9 n ear  York R. i t
2 Oct 83 n ea r  York R. mouth i i
18 Oct 83 M iddle Ground i t
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o f  Marine S c ie n c e  r e s e a r c h e r s  in  th e  Bay. Note th a t  a l l  o f  t h e s e  
s i g h t i n g s  o ccu r  in  th e  l a t e  summer. A p l o t  o f  t h e s e  o b s e r v a t io n s  and 
b o a t  and a e r i a l  su rv ey  s i g h t i n g s  (F ig u r e  10) r e v e a l s  a w id e ly  
s c a t t e r e d  d i s t r i b u t i o n  in  th e  low er Chesapeake Bay. Sm all h erd s  were  
r e p o r te d  from th e  w e s te r n  p o r t io n  o f  th e  Bay (3 -3 0  i n d i v i d u a l s ) ,  
w hereas much la r g e r  h erd s  o f  s e v e r a l  hundred an im als  have been  
o b serv ed  in  th e  e a s t e r n  p o r t io n  (n e a r e r  th e  o c e a n ) .  T h is  s u g g e s t s  
t h a t  th e  d o lp h in s  e n t e r  th e  Bay en m a sse ,  th en  d i s p e r s e .
B o t t l e n o s e  d o lp h in s  f r e q u e n t ly  e n te r  bays and e s t u a r i e s  (C a ld w e l l  
and C a ld w e l l  1 9 7 2 ,  Hogan MS) and in  th e  Chesapeake Bay may o f t e n  
t r a v e l  as  fa r  n o r th  as th e  Rappahannock R iv e r ,  th e  Mobjack Bay and th e  
York R iv er  ( s e e  T ab le  4 ) .  During th e  t im e o f  t h i s  s t u d y ,  I o b serv ed  a 
group o f  a p p r o x im a te ly  60 Turs io p s  in  th e  E l i z a b e t h  R iver  a t  N o r fo lk ,  
V i r g i n i a .  On a n o th er  o c c a s io n  ( a l s o  d urin g  th e  t im e-fra m e  o f  t h i s  
s t u d y ) ,  I  ob serv ed  a s i n g l e ,  l i v e ,  a p p a r e n t ly  h e a l t h y  T u r s io p s  in  
C ypress  C reek , n ear  S m i t h f i e l d ,  V i r g i n i a ,  a p p ro x im a te ly  15 m i l e s  
i n la n d .  The s i n g l e  an im al was u n d ou b ted ly  a s t r a y ,  but I  can o n ly  
s p e c u l a t e  on th e  p o s s i b l e  r e a so n s  f o r  groups o f  b o t t l e n o s e  d o lp h in s  
e n t e r i n g  th e  Chesapeake Bay and i t s  t r i b u t a r i e s .
The most o b v io u s  r e a so n  f o r  groups o f  b o t t l e n o s e  d o lp h in s  to  
e n t e r  th e  Chesapeake Bay i s  in  s e a r c h  o f  prey  or as  th e  r e s u l t  o f  
f o l l o w i n g  s c h o o l s  o f  f i s h  e n t e r in g  th e  Bay. A t l a n t i c  cro a k er  
(M icropogon u n d u la tu s ) , sp o t  ( L eiostom u s x a n th u r u s)  and s e a t r o u t  
( C vn osc ion  s p . )  , r e p o r te d  to  be th e  main p rey  o f  Turs io p s  in  t h i s  area  
(Leatherw ood e t  a l .  1 9 7 7 ) ,  are  abundant in  th e  Chesapeake Bay du ring  
th e  summer m onths . The h ig h e r  Turs io p s  d e n s i t y  in  th e  so u th ern
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F ig u r e  1 0 .  Chart o f  th e  d i s t r i b u t i o n  o f  T u rs io p s  tr u n c a tu s  s i g h t i n g s  
in  th e  Chesapeake Bay and so u th e r n  V ir g in ia  c o a s t a l  r e g i o n .
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V ir g i n i a  c o a s t a l  s u rv ey  a r e a  s u g g e s t s  th a t  p rey  a r e  p l e n t i f u l  t h e r e  as  
w e l l ,  but c o m p e t i t io n  i s  much h ig h e r .
A n o th er ,  perhaps an th rop om orp h ic ,  p o s s i b i l i t y  m ight be th a t  
e n t e r i n g  b r a c k is h  w a ter  may r i d  d o lp h in s  o f  th e  commensal b a r n a c le  
X enobalanus c f . X. g l o b i c i p i t  i s . However, i t  i s  n o t  anthropom orphic  
to  s u g g e s t  th a t  th e  p r e s e n c e  o f  t h e s e  b a r n a c le s  may be bothersom e to  
th e  d o lp h in s  in  l i g h t  o f  th e  r e p o r te d  s e n s i t i v i t y  o f  t h e i r  s k in  
( S l i j p e r  1 9 6 2 ) .  I t  has a l s o  been  s u g g e s te d  th a t  d o lp h in s  change th e  
s u r f a c e  c o n f ig u r a t i o n  o f  t h e i r  s k in  to  a c h ie v e  lam inar f lo w  (P u rves  
1963) im p ly in g  th a t  th e y  are  ( a t  l e a s t  s u b c o n c io u s ly )  aware o f  t h e i r  
swimming e f f i c i e n c y .  Removal o f  t h e s e  com en sa ls  c o u ld  p o s s i b l y  
improve swimming e f f i c i e n c y .  F urtherm ore, d o lp h in s  h e ld  in  f r e s h  
w ater  soon  b e g in  to  s lo u g h  s k i n .  I t  i s  p o s s i b l e  th a t  t h i s  c o u ld  cau se  
th e  rem oval o f  t h e s e  b a r n a c l e s ,  but t h i s  has not been proven  by 
exp er im en t nor by o b s e r v a t i o n .  However, I have n o t  o b serv ed  a 
s tr a n d e d  d o lp h in  in  th e  C hesapeake Bay w ith  t h e s e  b a r n a c le s  a t t a c h e d ,  
a lth o u g h  th e  c a l c a r e o u s  a ttach m en t p o in t s  s t i l l  p r e s e n t  in d ic a t e d  th a t  
th e  d o lp h in  once c a r r i e d  th e  b a r n a c l e s .  I  h a v e ,  h ow ever , o f t e n  seen  
s tra n d e d  b o t t l e n o s e  d o lp h in s  a lo n g  V ir g in ia  Beach w ith  t h e s e  b a r n a c le s  
( o f t e n  numerous) s t i l l  a t ta c h e d  s e v e r a l  days p os t-m o r te m .
Two peaks in  th e  m onthly  mean herd s i z e — in  May and September  
(F ig u r e  1 1 ) — s u g g e s t  t h a t  t h e s e  are  th e  peak p e r io d s  o f  T u rs io p s  
t r u n c a tu s  m ig r a t io n  a lo n g  V i r g i n i a ' s  c o a s t .  Herd d e n s i t y  i s  
r e l a t i v e l y  c o n s t a n t  from J u ly  through  O c to b er ,  but d o lp h in  abundance  
peaks in  J u ly  and S eptem ber. These  data  s u g g e s t  th a t  th e  d o lp h in s  
form la r g e r  h erd s  d u rin g  m ig r a t io n  which s p l i t  up in t o  s m a l l e r ,  more
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F ig u r e  1 1 .  H istogram s o f  herd d e n s i t y  ( D ) , mean herd s i z e  (H) and 
d o lp h in  d e n s i t y  ( P ) — s t r i p  c e n su s  e s t im a t e s  from c o a s t a l  a e r i a l  
s u r v e y s — by m onth.
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w id e ly  d i s p e r s e d  h erd s  in  a r e a s  o f  s e a s o n a l  r e s i d e n c y .  The d e c l i n e  in  
d o lp h in  d e n s i t y  in  A ugust c o u ld  i n d i c a t e  d i s p e r s a l  o f  s m a l l  h erd s  in t o  
t h e  Chesapeake Bay and i t s  t r i b u t a r i e s .  The s t a b i l i t y  in  herd d e n s i t y  
from J u ly  through  A u g u s t ,  co u p led  w ith  th e  d e c l i n e  in  d o lp h in  d e n s i t y  
in  A u g u s t ,  su p p o r ts  th e  id e a  o f  s m a l l e r ,  w id e ly  d i s p e r s e d  h e r d s .  The 
s t e p - w i s e  in c r e a s e  in  d o lp h in  d e n s i t y  and th e  d e c r e a s e  in  a v era g e  herd  
s i z e  from May through  J u l y ,  when compared w ith  th e  d ram atic  in c r e a s e  
in  both  in  A u g u s t ,  s u g g e s t s  a p r o t r a c t e d  n o r t h e r ly  s p r in g  m ig r a t io n  
and an abrupt s o u t h e r ly  f a l l  m ig r a t i o n .
P o p u la t io n  E s t im a te
That 5 o f  th e  7 i n d i v i d u a l s  i d e n t i f i e d  by t h e i r  d o r s a l  f i n s  in  
1980 were r e s i g h t e d  in  1981 i s  e v id e n c e  th a t  some o f  th e  b o t t l e n o s e  
d o lp h in s  in  V i r g i n i a ' s  n e a r sh o r e  c o a s t a l  w a ters  are  s e a s o n a l  
r e s i d e n t s .  The p r o b a b i l i t y  o f  such  r e s i g h t i n g s  would be e x c e e d in g ly  
low i f  a l l  o f  th e  d o lp h in s  were t r a n s i e n t .  I t  may be assumed th e n ,  
f o r  p u rp o ses  o f  p o p u la t io n  e s t i m a t i o n ,  th a t  a t  l e a s t  a p o r t io n  o f  th e  
b o t t l e n o s e  d o lp h in s  in  th e  so u th e r n  V ir g in ia  n e a r s h o r e  c o a s t a l  r e g io n  
form a s e a s o n a l l y  r e s i d e n t  p o p u l a t io n .  However, such  an e s t im a t io n  i s  
v a l i d  o n ly  fo r  th a t  a rea  s u r v e y e d ,  a 6 2 .3  km s t r i p  2 km in  w id th ,  
a lo n g s h o r e  from Cape C h ar les  t o  F a l s e  Cape, V i r g i n i a ,  d u r in g  J u ly  
through  Septem ber, 1 9 8 0 .
The th e o r y  beh in d  l i n e  t r a n s e c t  methods o f  e s t im a t io n  o f  anim al 
abundance i s  d i s c u s s e d  in  d e t a i l  by Burnham e t  a l .  ( 1 9 8 0 ) .  Because  
th e  n e g a t iv e  e x p o n e n t ia l  m odel i s  n o t  ro b u st  t o  p o o l in g  o f  d a t a ,  i s  
n ot model r o b u s t ,  and d oes  n o t  s a t i s f y  th e  shape c r i t e r i a  th a t  the
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d e r i v a t i v e  o f  th e  c o r r e c t i o n  f a c t o r  f ( 0 ) = 0 ,  i t  i s  n o t  a p p r o p r ia te  fo r  
u se  in  l i n e  t r a n s e c t  abundance e s t im a t e s  even  i f  th e  model o th e r w is e  
f i t s  th e  d a t a .  However, i t  has been  u sed  in  e s t im a t e s  o f  b o t t l e n o s e  
d o lp h in  abundance e l s e w h e r e ,  t h e r e f o r e  was computed h ere  f o r  
com p arison  (T a b le  5 ) .
The f i n a l  e s t im a t e  o f  T u r s io p s  t r u n c a tu s  abundance i s  based  on  
th e  F o u r ie r  s e r i e s  m odel b eca u se  i t  m eets  th e  a fo rem en tio n e d  c r i t e r i a ,  
but sh o u ld  be c o n s id e r e d  a minimum f o r  s e v e r a l  r e a s o n s .  T hese in c lu d e  
th e  a ssu m p tio n s  w hich a re  in h e r e n t  to  l i n e  t r a n s e c t  th e o r y  and th e  
f a c t  th a t  some o f  them a r e  d i f f i c u l t ,  i f  n o t  im p o s s ib l e ,  t o  meet in  
a e r i a l  s u r v e y s  o f  m arine mammals.
The f i r s t  b a s i c  assu m p tion  in  l i n e  t r a n s e c t  th e o r y  i s  th a t  a l l  
o b j e c t s  on th e  t r a n s e c t  l i n e  a re  n ev er  m issed  ( i e . g ( 0 ) = l )  . In t h i s  
s t u d y ,  an o b s e r v e r  ( a l s o  s e r v in g  as r e c o r d e r )  s a t  in  f r o n t  and scanned  
ahead o f  th e  a i r c r a f t  f o r  d o l p h i n s .  T h is  may have h e lp e d  red u ce  th e  
number o f  m is s e d  s i g h t i n g s ,  but t h e r e  i s  no way to  v e r i f y  t h i s .  Other  
s u r v e y s  have u t i l i z e d  a i r c r a f t  w ith  forward v i s i b i l i t y  a f fo r d e d  by a 
c l e a r  n o se  cone in  which an o b s e r v e r  s a t  (CETAP 1 9 81 , F r i t t s  and 
R eynolds 1 9 8 1 ) .  O thers have d i s p la c e d  g ( 0 )  to  th e  s i d e s  o f  th e  
a i r c r a f t  where v i s i b i l i t y  was a s su r e d  (Thompson 1 9 8 1 ) .  Because in  
t h i s  s tu d y  when one o b s e r v e r  s ig h t e d  a herd  n ear  th e  t r a n s e c t  l i n e  th e  
o th e r  o b s e r v e r  a l s o  saw a herd  n ear  th e  t r a n s e c t  on th e  o p p o s i t e  s i d e ,  
we reco rd ed  t h i s  as one herd s i g h t i n g ,  and I am r e a s o n a b ly  c e r t a i n  
th a t  most h erd s  were c o u n te d .  However, th e r e  i s  no way to  be su re  
th a t  8 i n g l e  d o lp h in s  were s ig h t e d  when th e y  were d i r e c t l y  on th e  
t r a n s e c t  l i n e .
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T ab le  5 .  Some d e n s i t y  e s t i m a t e s  o f  b o t t l e n o s e  d o lp h in s  in  th e  U .S .  
A t l a n t i c  and G ulf c o a s t s .
L o c a t io n D ates Tvne Survey
2
D olph in s/k m R eferen ce
M i s s i s s i p p i 1975 S t r ip 0 .2 3 Leatherwood
G ulf C oast e t  a l .  197 8
L o u is ia n n a 1975 S t r ip 0 .4 4 it
G ulf Coast
F l a .  G ulf C oast: June 1975 S t r ip O d e l l  and
Panhandle May 1976 0 .1 2 ReynoIds
P e n in s u la 0 .0 6 1980
Indian-B anana R. Aug 1977 S t r ip 0 .6 8 Leatherwood
Complex, F l a . 1979
P ort A r a n sa s - Mar-Apr S t r ip 0 .7 5 Barham, e t
M atagorda, T ex . 1978 a l .  1980
Indian-B anana R. May 1980 L ine T ra n sec t 0 .8 8 Thompson 1981
Complex, F l a . Aug 1980 ti 1 .8 5
Nov 1980 ti 0 .8 6
Southern J u l-O c t L ine T ra n sec t 0 .1 2 T his t h e s i s
V ir g in ia  Coast 1980
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A nother a ssu m p tion  w hich was e a s i l y  met b e c a u se  o f  th e  speed  o f  
th e  a i r c r a f t  i s  th a t  a l l  o b j e c t s  a re  f i x e d  a t  th e  t im e o f  i n i t i a l  
s i g h t i n g  and a r e  n o t  cou n ted  t w i c e .  S in c e  th e  a i r c r a f t  was t r a v e l l i n g  
a t  148-167  km/hr and t r a n s e c t s  were s e p a r a te d  by a t  l e a s t  2 n a u t i c a l  
m i l e s ,  and in  most c a s e s  4 n a u t i c a l  m i l e s ,  th e r e  i s  l i t t l e  l i k e l i h o o d  
th a t  any d o lp h in s  were cou n ted  t w i c e .
A t h i r d  a ssu m p tion  o f  l i n e  t r a n s e c t  th e o r y  i s  th a t  no measurement  
e r r o r s  o c c u r .  We used  tap ed  wing s t r u t  m arkings d u rin g  th e  1980  
su r v e y s  r e q u ir in g  rounding t o  th e  n e a r e s t  5 d e g r e e ,  so  th e r e  i s  no 
doubt t h a t  th e  s i g h t i n g  d i s t a n c e s  a r e  somewhat in a c c u r a te  f o r  th o s e  
d a t a .  F u rtherm ore, i t  was a l s o  n e c c e s s a r y  to  e s t im a t e  th e  numbers o f  
a n im a ls  in  v e r y  la r g e  h e r d s .  In 1 9 8 1 ,  p e r p e n d ic u la r  s i g h t i n g  
d i s t a n c e s  were m easured w ith  an in c l in o m e t e r ,  p o s s i b l y  red u c in g  th e  
s i g h t i n g  measurement e r r o r .
S ig h t in g s  must be in depen dent o f  one a n o th er  fo r  a ccu ra cy  in  l i n e  
t r a n s e c t  e s t im a t io n  o f  an im al abundance. T h is  i s  most a p p l i c a b l e  to  
s p e c i e s  w hich f l e e  in  r e sp o n se  t o  th e  p r e s e n c e  o f  th e  i n v e s t i g a t o r  
th e r e b y  becoming m om entarily  more v i s i b l e .  With b o t t l e n o s e  d o lp h in s ,  
th e  o p p o s i t e  i s  more l i k e l y  th e  c a s e .  As p r e v i o u s l y  n o t e d ,  d o lp h in s  
would o f t e n  d iv e  upon th e  approach o f  th e  a i r c r a f t .  However, th ey  
must r e tu r n  to  th e  s u r f a c e  to  b r e a th e  and can th en  be c o u n te d .
The p r o b a b i l i t y  o f  s i g h t i n g  i s  assumed to  be independent o f  herd  
s i z e .  I n t u i t i v e l y ,  i t  would seem apparent th a t  th e  la r g e r  th e  h e r d ,  
th e  g r e a t e r  th e  p o s s i b i l i t y  o f  s i g h t i n g  i t .  However, in  t h i s  s tu d y  
t h e r e  was no r e l a t i o n s h i p  betw een  herd  s i z e  and p e r p e n d ic u la r  s i g h t i n g  
d i s t a n c e  ( r s* 0 .0 9 ) .
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D i s t r i b u t i o n  R e l a t i v e  to  Sea and A ir  Tem peratures
The r e l a t i o n s h i p  betw een  d o lp h in  d e n s i t y  and sea w a ter  tem p era tu re  
u n d e r sc o r e s  th e  s i g n i f i c a n c e  o f  th e  r e l a t i o n s h i p  betw een  herd d e n s i t y  
and s ea w a ter  t e m p e r a tu r e .  T h is  su p p o r ts  th e  p rem ise  o f  d i s p e r s a l  in t o  
s m a l l e r ,  s c a t t e r e d  h e r d s .  The r e l a t i o n s h i p  betw een  herd d e n s i t y  and 
s ea w a ter  tem p era tu re  i s  p ro b a b ly  n o t  d i r e c t l y  c a u s a l ,  but i s  more 
l i k e l y  r e l a t e d  t o  th e  d i s t r i b u t i o n  and abundance o f  th e  b o t t l e n o s e  
d o l p h i n s '  p r e y .  F i s h  a r e  known t o  m ig r a te  in  r e sp o n se  t o  changes in  
sea w a ter  t e m p e r a tu r e .  I f  d o lp h in  d i s t r i b u t i o n  i s  d i r e c t l y  r e l a t e d  to  
p rey  d i s t r i b u t i o n  and abundance th e  la c k  o f  a s i g n i f i c a n t  r e l a t i o n s h i p  
betw een  d o lp h in  d i s t r i b u t i o n  and abundance and a i r  tem p eratu re  i s  
m o o t .
N a t a l i t y
The peak in  th e  p e r c e n ta g e  o f  c a l v e s  in  d o lp h in  h erd s  in  June 
s u g g e s t s  a h ig h  l e v e l  o f  b i r t h s  in  th e  s p r in g .  There was no 
s i g n i f i c a n t  c o r r e l a t i o n  h ow ever ,  betw een  th e  p e r c e n ta g e  o f  c a l v e s  
p r e s e n t  and mean herd  s i z e ,  herd d e n s i t y  or d o lp h in  d e n s i t y .
Mead ( 1 9 7 5 ) ,  c i t i n g  True ( 1 8 9 1 ) ,  s t a t e s  th a t  ” In fo r m a t io n  
r e c e iv e d  from th e  f ish erm en  a t  th e  H a tte r a s  f i s h e r y  in d ic a t e d  th a t  
f e t u s e s  were g e n e r a l l y  sm a l l  in  S eptem ber, in c r e a s in g  in  s i z e  as th e  
se a so n  p r o g r e s s e d ” . T h i s ,  as  w e l l  as Townsend's (1 9 1 4 )  d a ta  ( a l s o  
c i t e d  in  Mead 1 9 7 5 ) ,  s u g g e s t s  an autumn peak in  b o t t l e n o s e  d o lp h in  
b i r t h s  in  t h i s  p o p u l a t io n .  However, a c c o r d in g  to  E ssa p ia n  (1 9 6 3 )  
m ating  o f  b o t t l e n o s e  d o lp h in s  o c c u r s  in  th e  sp r in g  and b ir t h  o c cu rs
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about one y ea r  l a t e r  (McBride and K r i t z l e r  1 9 5 1 ,  T avo lga  and E ssap ian  
1 9 5 7 ) .  The d a ta  p r e s e n te d  h ere  ten d  to  co n f irm  a s p r in g  n a t a l i t y  
p e a k ,  but n e i t h e r  co n f ir m  nor r e f u t e  th e  p o s s i b i l i t y  o f  a 
s e c o n d ,  autumn peak in  n a t a l i t y .
SUMMARY AND CONCLUSIONS
1) Turs io p s  t r u n c a tu s  d e n s i t y  in  th e  Chesapeake Bay mouth during
2t h e  summer o f  1980 was e s t im a te d  a t  0 .1 2  d o lp h in s  per  km (+. 0 .0 9 2
S . E . ) ,  an ord er  o f  m agnitude l e s s  than th e  e s t im a te d  d e n s i t y  o f
2
c o a s t a l  T u r s io p s — 1 .4 7  d o lp h in s  p er  km (+. 1 .041  S . E . ) .  These a re  
s t r i p  c e n su s  d e n s i t y  e s t im a t e s  s i n c e  herd d e n s i t y  in  th e  Chesapeake  
Bay mouth was to o  low f o r  u s e  o f  l i n e  t r a n s e c t  m eth od s.
2) The c o a s t a l  V ir g i n i a  T u rs io p s  tr u n c a tu s  p o p u la t io n  was 
e s t im a te d  a t  340 i n d i v i d u a l s  (+. 7 2  , 95% c o n f id e n c e  l i m i t s )  u s in g  l i n e  
t r a n s e c t  a n a l y s i s  and th e  F o u r ie r  s e r i e s  e s t im a te d  f ( 0 ) = 1 . 8 3 8  to  
c o r r e c t  f o r  d o lp h in s  p r e s e n t  but n o t  seen  during  a e r i a l  s u r v e y s .
3 )  C a lves  com prised  6.2% (+_ 7.15% S .E . )  o f  th e  h erds  in  th e  
C hesapeake Bay mouth and 4.9% (+ .3 .32%  S .E . )  in  th e  so u th er n  V ir g in ia  
c o a s t a l  su rv ey  a r e a .  The h ig h e s t  p e r c e n ta g e s  o f  c a l v e s  were se e n  in  
th e  e a r l y  summer i n d i c a t i n g  a sp r in g  n a t a l i t y  p ea k .
4) There was no r e l a t i o n s h i p  betw een  r e p o r te d  T u rs io p s  
s t r a n d in g s  and T u rs io p s  d e n s i t y  e s t im a te d  from a e r i a l  s u r v e y s .
5) There was a r e l a t i o n s h i p  betw een  T u rs io p s  d e n s i t y  and sea  
w ater  te m p e r a tu r e ,  p ro b a b ly  in  r e sp o n se  to  p rey  d i s t r i b u t i o n .
6 ) The Turs io p s  found V i r g i n i a ' s  c o a s t a l  w a t e r s ,  in c lu d in g  th e  
C hesapeake Bay, appear t o  be s e a s o n a l l y  r e s i d e n t  in  th e  summer, 
im m igratin g  in  th e  sp r in g  and e m ig r a t in g  in  th e  f a l l  from and to  more 
s o u t h e r ly  a r e a s .
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7 ) More d a ta  a r e  needed  t o  f u r t h e r  c h a r a c t e r i z e  t h i s  p o p u la t io n  
In  p a r t i c u l a r ,  th e  f o l l o w i n g  i s  needed:
a) A d d i t io n a l  a e r i a l  su r v e y s  to  b e t t e r  enum erate th e  
d o lp h in  d e n s i t y .
b) R a d io - t r a c k in g  s t u d i e s  t o  d e term in e  th e  e x t e n t  o f  t h e i r  
m ig ra t  ion  •
c )  A d d i t io n a l  p h o t o - i d e n t i f i c a t i o n  s t u d i e s  t o  p r o v id e  
in fo r m a t io n  on th e  le n g th  o f  i n d i v i d u a l s '  r e s i d e n c y ,  s o c i a l  
i n t e r a c t i o n s  and h erd  c o m p o s i t io n .
APPENDIX
C ata lo g  o f  I d e n t i f i a b l e  I n d iv id u a l  D o lp h in s
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Key t o  D o r sa l  F in  P hotographs
L abel C a ta lo g  Number D ate L o c a t io n
A 78 0 -7  5 JUL 80 F ish erm a n 's  I s la n d
B 7 8 0 -8  12 JUN 80 "
C 7 8 1 -1  27 JUL 81 Cape Henry
D 7 81-3  " 11
E 8 8 1 -8  5 AUG 81 "
F 8 8 1 -1 0  ” "
G 881-13  " "
H 8 8 1 -1 4  ,f "
I  881-15
J 8 8 1 -1 9  7 AUG 81 ”
K 881-21  " "
L 8 8 1 -22  " "
M 881-23  " M
N 881-11  5 AUG 81 "
(C ontinu ed  on n e x t  p a g e . )
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Key t o  D o r s a l  F in  Photographs c o n t i n u e d . . .
a l 780 -1= 5 JUL 80 F ish erm an 's I s la n d
a2 78 1 -2 27 JUL
•aH00 Cape Henry
5 AUG 81 tt
b l 780 -3 = 5 JUL 80 F ish erm an 's I s la n d
b2 881-17 5 AUG 81 Cape Henry
c l 7 80 -4= 5 JUL 80 F ish erm an 's I s la n d
c2 7 81-6 28 JUL 81 Cape Henry
d l 7 80 -5= 5 JUL 80 F ish erm an 's I s la n d
d2 881-20 7 AUG 81 Cape Henry
e l 780-6= 5 JUL 80 F ish erm an 's I s la n d
e2 7 8 1 -5 27 JUL 81 Cape Henry
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